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Introduction
The experiences of homelessness and poverty are inextricably linked as complex comorbidities, financial hardship and barriers to health care, creating a cycle into homelessness that is difficult to interrupt. 1 The homeless population is difficult to identify and engage. People who are homeless often have multiple health issues including drug misuse, mental illness and chronic disease. [2] [3] [4] Lack of appropriate housing and social support means that many are frequent users of emergency departments (EDs). 5 The ED is a 24-hour service, which primarily treats people with acute illnesses and injuries.
Homeless people continue to account for a significant proportion of frequent ED users despite the development of outreach and case management programs for people with complex care needs. 6 7 Frequent ED users utilise a disproportionate amount of resources, [8] [9] [10] [11] [12] [13] placing added pressure on acute care services, exacerbating prolonged waiting times in EDs and hampering access to inpatient beds. 14 15 Frequent ED users are vulnerable, [16] [17] [18] [19] have complex health care needs, 9 16 20-26 and suffer higher levels of mental illness, 27 injury, 28 morbidity, mortality, 21 27 social disadvantage 16 18 21 22 24 and homelessness 4 25 than infrequent ED users. A study conducted in an Australian ED noted the total ED presentation over two years was 64,177 with a re-presentation rate of 17.3% (n=11,128) of visits and 14.0%
(n=5,718) of all patients. 31 The odds of re-presentation increased three-fold for people who were homeless compared to those living in stable accommodation (adjusted OR 3.12; 95% CI 2.86 to 3.40). 31 Research is needed to develop a way of identifying those people who are at risk of representation to the ED to assist in early identification of health problems and referral.
McCusker et al 29 tested a screening tool in the ED specifically developed for the elderly (ISAR) 30 and found that it could be used to identify elderly patients who subsequently experience high acute care hospital utilization as well as adverse health outcomes after presentation to the ED. This study aims to broaden the scope beyond the elderly and 8 evaluate a predictive model that had been developed 31 to identify key characteristics associated with ED re-presentation to facilitate early identification and referral.
Using a large hospital administrative dataset, we previously identified key patient characteristics associated with ED re-presentation in a homeless population and subsequently developed a risk screening tool to predict the likelihood of re-presentation to the ED within 28 days of discharge from hospital ( Figure 1 ). 32 The aim of the present study was to examine the ability of the risk screening tool to predict risk of re-presentation to the ED using a prospective sample and to compare the ED characteristics of the prospective sample with a previous retrospective sample of homeless people.
Method

Theoretical Model
The risk screening tool was underpinned by the Behavioural Model for Vulnerable Populations (BMVP) which provided understanding about the complex range of factors associated with a person's utilisation of health care services specifically for social disadvantaged populations. 35 The nine variables within the tool covered all four domains of the Behavioural Model. First, age, known next of kin and pensioner status are part of the environmental influences. Second, the number of medications and drug misuse are part of functional health status. Third, the number of medical issues and mental illness are part of the health status. Fourth, community case management, presenting to another hospital within 12 months and ED discharge outcome are part of the health behaviour of the homeless person and identifies health service utilisation (Table 1 )
Tool Development and Description Using a Retrospective Database
The development of the tool utilised in this study is outlined in Table 2 . The coefficient of each variable was rounded to the nearest integer to assign a final score. Mental illness was 9 rounded to 1 due to its clinical significance. The variables: number of medical issues and number of medications were grouped into four categories to simplify the scoring system. The tool was developed from a predictive model that identified nine key risk factors that were all significantly associated with increased odds of re-presentation to the ED. A fitted logistic regression equation of the form log[p/(1-p)] = -1.287 + (logOR Variable) was applied to the nine key predictor variables to identify risk of re-presentation among those who were homeless. 32 Patient was fitted as a random effect in the model to account for repeated presentations. The fitting of the model was performed using GenStat (8th edition, VSN International, UK). A model was first fitted for each potential explanatory variable on its own.Variables for which the P-value for testing the hypothesis of no effect was greater than 0.05 were excluded from further model fitting. All the remaining explanatory variables were entered into a backwards stepwise procedure until all variables still in the model were significant at the 0.05 level.
The nine variables that significantly influenced re-presentation of homeless people to the ED were: source of income (being a recipient of a government pension), age, next of kin documented, case management, presented to other hospitals within 12 months, primary illness, number of medications, number of medical issues and ED discharge outcome.
Finally, these nine key variables identified as significant in the logistic regression model were converted into a scoring system utilised in the final risk screening tool ( Figure 1 ).
The electronic data for all patients (n = 40492) and ED visits (n = 64177) during a 24 month study period (January 1, 2003 -December 31, 2004) were extracted from a single hospital site. 31 Rates of re-presentation, defined as the total number of visits to the same emergency department within 28 days of discharge from hospital, were calculated for the subgroups that were homeless. Table 3 ). The inter-rater reliability was calculated and the kappa statistic for the risk of re-presentation was 0.81 (95% CI, 0.77 to 0.88) ( Table 4) .
Prospective Tool Evaluation
Study Design
The prospective cohort design was conducted during a one-month study period from April 1,
2009 to April 30, 2009, All ED visits involving people classified as homeless were included, excluding those who died during the study period.
Methods of Measurement
Homelessness was defined as living on the streets, in crisis accommodation, in boarding houses or residing in unstable housing. Homelessness was identified by usual place of residence recorded on admission. Rates of re-presentation were defined as the total number of visits to the same emergency department within 28 days of discharge from hospital.
Setting
The study was conducted at an adult, tertiary referral hospital in an Australian city with a population of 3.8 million people. The annual ED attendance is approximately 40,000. The ED was served by an Admission, Liaison, Early Referral Team (ALERT), which provided care coordination to people who had complex care needs, such as homeless individuals.
Study Period
11
All patients were screened consecutively on presentation to the ED during the one-month study period by clerical staff and the first author utilising the screening tool ( Figure 1 ) to determine housing status and hence eligibility for study follow-up. A flowchart was created to direct staff in the screening process ( Figure 2 ).
Participants
Once the patient was identified as homeless the screening tool was labeled, dated and given to ALERT or the first author who was blinded to the outcome measure of re-presentation at time of screening but may have been aware of patients' past record of ED presentations.
The number of ED re-presentations within 28 days was subsequently collected by the researcher for each participant using the electronic patient administration system.
Data analysis
The scores in the components of the tool were summed to create an overall score for each patient with a person identified as being at risk of re-presentation with a score of 14 or over.
The final scores were used to calculate the sensitivity and specificity of the screening tool.
The optimal cut-off was identified (≥14, ≥17 and ≥19) by comparing sensitivity, specificity, positive likelihood ratio (PLR), and negative likelihood ratio (NLR) (Figure 3 ), and the accompanying ROC curve (Figure 4 ), for a range of scores. Participants with an ED discharge outcome of death were excluded from the final analysis as this impacted on their re-presentation rate.
Results
The level of risk score ranged from six to twenty-nine with the mean 18.19 (CI, 14 to 22).
Three separate calculations of sensitivity and specificity were calculated using cut-off scores for high risk of re-presentation as ≥14, ≥17 and ≥19 (Figure 3) . A cut-off of ≥17 yielded the best balance between sensitivity 98% (95% CI, 0.92 to 0.99) and specificity 66% (95% CI, The current homeless population with data over one month (April 2009) used in this study was compared with the homeless population which spanned over 2 years (2003/2004) and which was used to develop the risk screening tool (Table 5) . 31 The two homeless populations Homeless patients differed significantly from non-homeless patients according to gender, interpreter identified, aboriginality, married/defacto status, number of ED visits (within 1 13 month) and triage score. Compared to non-homeless patients, there were twice as many homeless patients with a triage score of 5 on presentation to the ED (Table 3) .
Sixty-seven (32%) of the homeless patients who presented in the study period received case 
Discussion
The predictive model was able to accurately identify the risk of re-presentation for those people who were homeless who presented to the ED during the study period. Risk screening tools are utilised in health care settings for many clinical applications. The assumption that risk screening tools are better than clinical judgement and that they will be well utilised in the clinical setting are two main concepts that apply to all tools. The application and usability of the tool in the clinical setting will be the ultimate test no matter how reliably and validly the data are collected and researched.
Recommended strategies for implementing risk screening in practice emphasise the need for simplicity. 36 Tools should contain at least five items and no more than 12 items. For the utility of screening tools in clinical practice, clinical experts undertaking the content validity exercise recommended that a tool should contain up to one page and the minimum of five items to maintain validity. This suggestion for brevity applies especially to the ED environment, which has a fast turnover of people and rapid treatment of those who are acutely ill. Screening tools are often used in the discharge process to ensure that key elements of health care are addressed either prior to discharge or implemented in the community. This risk screening tool was implemented on admission but it can also function as a guideline to the key care needs identified throughout the homeless person's hospital stay and then reviewed at discharge.
This research has taken into consideration key aspects of tool utilisation and developed a tool using a conceptual framework (Behavioural Model for Vulnerable Populations), research design (mixed methodology), data analysis (logistic regression, Kappa, sensitivity and specificity) and implementation strategies (future prospective study) to ensure a reliable and valid risk screening tool. The specific design of the tool has focused on making the tool easy to read and apply in the clinical setting without requiring additional information or extensive time for the clinicians.
The three separate calculations of sensitivity and specificity were undertaken using cut-off scores for high risk of re-presentation. A cut-off of ≥17 yielded the best balance between sensitivity 98% ( 95%CI, 0.92 to 0.99) and specificity 66% (,95% CI, 0.57 to 0.74) and resulted in an area under the ROC curve of 0.79 (95% CI, 0.74 to 0.86), a PLR 2.9 (95% CI, 2.2 to 3.7) and a NLR 0.03 (95% CI, 0.01 to 0.13). Adjusting the cut-off scoring was important to ensure the most accurate assessment of risk. Compromise had to be made and it was decided that sensitivity is more important than specificity in the context of this risk screening process. Early identification of those who will re-present among homeless people is imperative in determining appropriate intervention. It was recognised that poor specificity could mean unnecessary resource allocation in an area already responding to high demand.
In the 2009 dataset there was an increase in the proportion of homeless people who presented to the ED which highlighted the problem of identifying homeless people with 15 retrospective data. Even though extensive efforts were made to explore the 2003/4 ED presentation data (n = 64177) it was difficult to identify all the homeless population ( Table 5) data collection which may have impacted on the decreased incidence of 'left without being seen', 'presenting to other hospitals' and an increase in community case management'. This has implications for the way we structure our services. Hospitals have an accepted 24-hour service profile but not so for other services. This structure creates a default response leading to hospital presentation, which is not necessarily driven by a medical condition.
Strengths and Limitations
The study involved analysis of clinical audit data for presentations to the targeted hospital and it was not possible to identify those people who may have presented to other hospitals after attending the study hospital. This study was based in a single hospital site, which is located in a large Australian city with a population of 3.9 million people. While the study was conducted at a single inner-city ED in Australia, this work has the potential to be replicated in other Australian EDs. The Australian health care system is similar to the British and Canadian health care systems; therefore it may be possible to directly compare rates and patterns of ED re-presentation among those countries and utilise this screening tool.
The screen tool relied on an ED discharge variable, 'discharge outcome' to give the risk score of re-presentation within 28 days. This has implications for the timely identification and referral for people identified at risk. Further modification of the screening tool with the exclusion of 'discharge outcome' may overcome this but the accuracy of the risk screening tool will need to be further tested.
Unfortunately there was limited utilisation of the screening tool by the staff in the ED, with only 8.1% (n = 17) homeless patients were screened by ALERT. To address the issue of screening in the ED it is possible with the mathematical formula of the logistic regression modelling to create a computer generated calculation of risk of re-presentation. Once the variables are entered into the database on presentation to the ED, the system can identify a person at risk of re-presentation and then initiate a planned referral response to the appropriate clinicians. The implementation and trial of this process for all people who present to the ED may initiate early identification of people at risk of re-presentation to the ED. To achieve this objective there will need to be a standardisation of triage data especially in the area of homeless categorisation.
Conclusion
A defined understanding of re-presentation and homeless status underpinned by a risk screening tool has clinical relevance to assist in early recognition of risk factors and targeting specific resources. This risk screening tool has the capacity to clearly identify key factors that highlight risk of re-presentation within 28 days. The utilisation of administrative data in conjunction with clinical data is an effective method to identify the risk of re-presentation in the homeless population. It is possible to expand the modeling of risk to other binary outcomes such as mortality and re-admission, increasing the ability of health services to monitor their performance and respond to key issues. Service provision for patients who not only have a medical condition but are homeless is complex. Unless a hospital system develops strategies for early recognition, utilising resources such as the risk screening tool, 
Health Status
Mental Illness* 54% (n = 861) 55% (n = 116)
No of Medications >3* 29% (n = 465) 18% (n = 39)
No of Medical Illness >3* 42% (n = 664) 27% (n = 58) Note * indicates those variables that a part of the risk screening tool.
